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Description 

[0001] The present invention relates to a method of 
driving a drop-on demand type ink-jet head of a multi- 
drop system which merges a plurality of ink-drops se- 5 
quenlially emitted from an orifice of an ink chamber to 
form a single liquid drop. 

[0002] There has been a method of expressing gra- 
dations by using an ink-jet head which performs printing 
in such a manner in which a plurality of ink chambers io 
are provided, drive pulse voltages are applied to piezo- 
electric members provided in correspondence with the 
ink chambers so as to cause the piezoelectric members 
to be transformed, and the ink chambers are selectively 
defomned by the transitions of the piezoelectric mem- is 
bers so as to emit ink from the Ink chambers. A method 
known as the kind of method described above is, for ex- 
ample, a method of expressing gradations in which siz- 
es of ink drops hit on a recording medium are changed 
by controlling volumes of ink drops to be emitted by P. 20 
W.M. (Pulse-Width-Modulation) control, as disclosed in 
U.S. Patent No. 5,461,403, or a method of expressing 
gradations in which a plurality of ink drops are emitted 
sequentially from one same orifice and the number of 
Ink drops hit on one same portion on a recording medi- 25 
um is controlled. 

[0003] The former method has a problem that the 
emission volumes of ink drops are not constant unless 
the following ink drop is emitted under a condition that 
meniscus of the orifice is recovered and stabled to some 30 
extent after emission of a previous ink drop from the or- 
ifice. Therefore, the driving frequency must be lowered, 
so that the printing speed is difficult to be increased. In 
contrast, the latter method of a multi-drop system is ad- 
vantageous in that it is possible to improve the printing 35 
speed by increasing the driving frequency and that small 
liquid drops can be emitted without reducing the emis- 
sion speed. However, since a line head performs print- 
ing while moving a recording medium in the sub-scan- 
ning direction, for example, there is a problem that the 
recording medium itself is moved and the printed dots 
are elongated in the moving direction of the recording 
medium white sequentially emitting seven liquid drops 
in case of performing one-dot printing by emission of 
seven liquid drops within a drop-on-demand drop pro- 
duction period. 

[0004] A method of solving the above problems is, for 
example, that the speed of ink drops to be emitted later 
is gradually increased than the speed of the ink drop to 
be emitted first, such that the ink drops emitted later so 
catch up with and are merged with the ink drops emitted 
earlier to obtain one liquid drop therefrom when the ink 
drops hit on a recording medium, as disclosed in U.S. 
Patent No. 5,285,215. This is realized by applying suc- 
cessive drive pulse voltages to a piezoelectric member 55 
such that the amplitude of a pressure wave in an ink 
chamber is gradually increased when emitting ink. 
[0005] However, in this case, the vibration amplitude 



of an ink chamber increases and the vibration of the liq- 
uid surface (or meniscus) at an orifice Is increased ac- 
cordingly since the emission speed of ink drops to be 
emitted later is increased. Meanwhile, printing cannot 
be started until the vibration of the meniscus of the ori- 
fice ceases, where printing for a next line is started after 
printing for one line is completed. If the vibration of the 
meniscus of the orifice is large, the time required until 
the vibration ceases is elongated. As a result, there is a 
problem that the printing speed cannot sufficiently be 
increased. 

[0006] Hence, the present invention has an object of 
providing a driving method of an ink-jet head capable of 
decreasing early the pressure vibration of an ink cham- 
ber and of improving Uieprinting speed to be sufficiently 
high, in which ink drops are sequentially emitted from 
an ink chamber for a plurality of times with use of an ink- 
jet head which selectively deforms a plurality of ink 
chambers by a transition of a piezoelectric member to 
cause an ink chamber to emit ink, while gradually in- 
creasing the emission speed of the Ink drops such that 
ink drops emitted later are merged with ink drops emit- 
ted earlier to form a single liquid drop. 
[0007] The invention described in claim 1 provides a 
method for driving an ink-jet head having a plurality of 
ink chambers each partitioned by side walls made of pi- 
ezoelectric members, in which the side walls of the ink 
chambers are selectively applied with a drive pulse volt- 
age to cause pressure disturbances in the ink chambers 
by transitions of the side walls of piezoelectric members 
and the ink chambers are selectively deformed to eject 
ink drops, the method characterized by comprising the 
steps of: 

generating a series of drive pulse voltages applied 
to an ink chamber; 

increasing a volume of an ink chamber to decrease 
a pressure of the ink chamber by an application of ' 
a first drive pulse voltage of the series of drive pulse 
voltages; 

subsequently decreasing the volume of the ink 
chamber to increase of the pressure of the ink 
chamber by an application of a second drive pulse 
voltage of the series of the drive pulse voltages; 
recovering thereafter an original volume of the ink 
chamber to eject an ink drop; and 
repealing the increasing, decreasing and recover- 
ing steps for a plurality of times to eject a plurality 
of successive ink drops, while gradually increasing 
a velocity of the successive ink drops such that one 
of the successive Ink drops ejected later is merged 
with a preceding ink drop ejected earlier thereby 
forming a single ink drops, 

characterized in that the second drive pulse volt- 
age for ejecting a last ink drop of the successive ink 
drops is applied for a first period of time, application of 
the drive pulse voltage is thereafter paused for a second 
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period of time and a dumping pulse voltage is thereafter 
applied to cause the pressure disturbances of the ink 
chamber to be decreased. 

[0008] According to the present invention, it is possi- 
ble to decrease the pressure vibration of an ink chamber 
in an early stage and to improve the printing speed to 
be sufficiently high, in a driving method of an ink-jet 
head, in which ink drops are sequentially emitted from 
an ink chamber for a plurality of times with use of an ink- 
jet head which selectively deforms a plurality of ink 
chambers by a transition of a piezoelectric member to 
cause an ink chamber to emit ink, while gradually in- 
creasing the emission speed of the ink drops such that 
ink drops emitted later are synthesized with ink drops 
emitted earlier to form a one-dot liquid drop. 
[0009] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0010] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is an exploded perspective view showing an 
embodiment of the present invention from which a 
part of an ink-jet head is cut away. 
FIG. 2 is a partial cross-sectional view showing the 
ink-jet head in FIG. 1 cut along a line 11-11 without 
the substrate. 

FIGS. 3A and SB are views for explaining ink emis- 
sion operation in the ink-jet head according to the 
embodiment. 

FIG. 4 is a graph showing a relationship between a 
drive pulse waveform and a pressure vibration 
waveform in an ink chamber where the ink-jet head 
according to the embodiment is driven by a multi- 
drop system. 

FIG. 5 is a graph showing parts of drive pulse wave- 
forms where three grouped ink chambers of the ink- 
jet head according to the embodiment are driven in 
a time-divided manner in a multi-drop system. 
FIG. 6 is a graph showing a relationship between, 
a drive pulse wavefomri for causing a last ink drop 
to be emitted, a pressure vibration waveform in an 
Ink chamber, and a dumping voltage waveform, 
where the ink-Jet head according to the embodiment 
is driven by a multi-drop system. 
FIG. 7 is a graph showing a relationship between, 
a drive pulse waveform for causing a last ink drop 
to be emitted, a pressure vibration waveform in an 
ink chamber, and a dumping voltage waveform, 
where an ink-jet head according to another embod- 
iment is driven by a multi-drop system. 

[001 1 ] Embodiments of the present invention will now 
be explained with reference to the drawings. 
[0012] FIG. 1 is an exploded perspective view show- 
ing an ink-jet head partially cut away, and two sheets of 



rectangular piezoelectric members 2 and 3 are adhered 
and fixed to one side of the surface of a substrate 1 
made of a ceramics, by an epoxy resin adhesion. A plu- 
rality of long grooves 4 which are disposed in parallel at 

5 a predetermined interval and have an equal width, an 
equal depth, and an equal length are formed in the pie- 
zoelectric members 2 and 3 by a diamond cutter. Elec- 
trodes 5 are fomned on the side surfaces and the bottom 
surfaces of the long grooves 4, and lead electrodes 6 

10 are formed from rear ends of the long grooves 4 to the 
rear upper surface of the piezoelectric members. These 
electrodes 5 and 6 are formed by electroless nickel plat- 
ing. 

[0013] A printed circuit boad 7 is adhered and fixed to 
the other side of the surface of the substrate 1 . A drive 
IC 8 including a drive circuit is mounted on the printed 
circuit boad, and conductive patterns 9 connected to the 
drive IC 8 are formed also on the printed circuit boad. 
Further, the conductive patterns 9 are respectively con- 
20 nected to the lead electrodes 6 through wires 1 0 by wire 
bonding. 

[0014] A top plate 11 made of a ceramics is adhered 
and fixed to the piezoelectric members by an epoxy res- 
in adhesion. In addition, a nozzle plate 1 3 provided with 

25 a plurality of orif k;es 1 2 is adhered and fixed to the top 
end of each of the piezoelectric members 2 and 3 by an 
adhesion. In this manner, the upper portions of the long 
grooves 4 are covered by the top plate 1 1 , and the top 
ends thereof are closed by the nozzle plate 1 3, such that 

30 each of the grooves forms an ink chamber which acts 
as a pressure chamber. A common ink chamber 14 is 
formed in the top plate 1 1 , and rear ends portions of the 
ink chambers formed by the long grooves 4 communi- 
cate with the common ink chamber 1 4. Further, the com- 

35 mon ink chamber 14 communicates with an ink supply 
cartridge (not shown). 

[0015] FIG. 2 is a partial cross-sectional view showing 
the ink-jet head having the structure shown in FIG. 1 , 
cut along a line ll-ll without the substrate 1 . Side walls 
40 of the ink chambers 15 fomned by the long grooves 4 
are made of the piezoelectric members 2 and 3 which 
are respectively polarized in directions opposed to each 
other along the plate-thickness, as indicated by arrows 
in the figure. 

45 [0016] Next, operational principles of the ink-jet head 
will be explained below with reference to FIGS. 3A and 
SB. 

[0017] On condition that each ink chamber 1 5 is filled 
with ink, attention is paid to three ink chambers 15A, 

50 1 5B, and 15C partitioned by side walls PI , P2, PS, and 
P4 made of piezoelectric members 2 and 3. Supposing 
that the electrode 5 of the center ink chamber 15B is 
applied with a positive voltage and the electrodes 5 of 
both the adjacent ink chambers 1 5A and 1 5C are set to 

55 SL ground potential (GND), both the side walls P2 and 
PS of the ink chamber 158 are respectively polarized in 
directions opposed to each other in the film-thickness 
direction, and therefore, the side walls P2 and P3 are 
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rapidly deformed outwards so as to enhance the volume 
of the ink chamber 15B. By this deformation, Ink is sup- 
plied to the ink chamber 158 from the common ink 
chamber 14, 

[0018] In this state, the electrode 5 of the center ink 5 
chamber 158 is next applied with a negative voltage 
while the electrodes 5 of both the adjacent ink chambers 
15A and 15C maintained at the ground potential, as 
shown in FIG. 38, both the side walls P2 and P3 of the 
ink chamber 1 58 are rapidly deformed inwards so as to io 
reduce the volume of the ink chamber 158. In this state, 
the potential of the electrode 5 of the ink chamber 15B 
is further changed to the ground potential, and then, the 
side walls P2 and P3 rapidly recovers an original condi- 
tion. By this recovery operation, the tail of an ink drop i5 
pushed out of the orifice 12 is cut and the ink drop flies 
toward a print medium. 

[0019] A driving method of the ink-jet head will now 
be explained below. 

[0020] FIG. 4 shows a drive pulse wavefomn q and a 20 
pressure vibration waveform r generated in the ink 
chamber 15. In the figure, AL denotes an application 
time which corresponds to a time period required for a 
pressure wave generated in the ink chamber 15 to be 
transmitted from an end to the other end of the ink cham- 25 
ber 15. 

[0021 ] Firstly, a voltage VI as a positive voltage is ap- 
plied to the electrode 5 of the ink chamber 1 7 from which 
ink should be emitted, and then, the ink chamber 15 is 
deformed so as to enhance its volume, so that a nega- 3o 
five pressure is generated in the ink chamber 1 5. Next, 
a negative voltage \J2 is applied after the positive volt- 
age VI is thus applied for a period of AL. Since the 
phase of the pressure wave then corresponds to that of 
the negative voltage V2 thus applied, and thereafter, the 35 
amplitude of the pressure wave is rapidly increased to 
generate a pressure wave of P1 . At this time, a first drop 
of ink is pushed out of the orifice 12. 
[0022] After this negative voltage V2 is applied for a 
period of 2AL, the voltage is returned to the original 40 
ground level. The phase of the pressure wave is then 
inverted, so that the amplitude of the pressure wave is 
weakened and pauses maintaining this condition for a 
period of SAL. Note that the pause period is not limited 
to 3AL but may be a period as odd-numbered times long 45 
as AL. 

[0023] Next, a voltage VI as a positive voltage is ap- 
plied to the electrode 5 of the ink chamber 15 to emit a 
second drop of ink, like the above-described case of the 
first drop. After a period of 3AL, the pressure wave in 50 
the ink chamber 15 becomes a negative pressure, and 
therefore, the phase of the pressure wave corresponds 
thereto and is thereby amplified. Thereafter, a voltage 
pulse similar to that for the first drop is applied, and 
therefore, the pressure vibration changes in a similar 55 
manner although the vibration amplitude of the pressure 
wave is increased to be P2 which is greater than that of 
the first drop. 
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[0024] Accordingly, in case of printing eight grada- 
tions, for example, seven drops of ink are sequentially 
emitted from the orifice 1 2 while gradually increasing the 
vibration of the pressure wave from PI to P2, P3, ... The 
later the order of the emission of ink drops, the faster 
the emission speed thereof is. Therefore, drops of ink 
emitted later catch up with drops of ink emitted earlier, 
and the drops of ink are merged into one ink drop which 
reaches a recording medium. Thus, one dot is formed 
on the recording medium. 

[0025] The above-described emission of successive 
seven drops of ink is carried out within a drop-on-de- 
mand drop production period. One dot on a recording 
medium is formed by one drop in this period. 
[0026] In this kind of dnving method, when drops of 
ink are sequentially emitted, the pressure vibration in 
the ink chamber 15 is increased thereby erroneously 
causing adjacent ink chambers to emit ink. Accordingly, 
the vibration of meniscus of the orifice is increased. The 
pressure vibration and meniscus vibration influence an 
adjacent ink chamber having a common side wall. 
Therefore, such an adjacent ink chamber cannot per- 
form stable ink emission operation before the meniscus 
vibration ceases and recovers a predetermined liquid 
surface level. However, even if ink emission from an ad- 
jacent ink chamber is carried out after the meniscus vi- 
bration ceases, it is not possible to sufficiently improve 
the printing speed. 

[0027] For example, supposing a case of driving the 
Ink-jet head including three grouped Ink chambers in a 
time-divided manner, a drive pulse wavefonn for emit- 
ting the largest liquid drop corresponding to an eighth 
gradation will be as shown in FIG. 5. In the time-divided 
driving, after emission control of ink drops from an orifice 
1 2 of an Ink chamber 1 5 of a first group of ink chambers 
is carried out, a predetermined pause period is elapsed, 
and then, emission of an ink drop from an adjacent ink 
chamber of a second group those of is carried out. At 
this time, the pause period represents a time required 
until the pressure vibration of the ink chamber of the first 
group decreases and the meniscus vibration of the ori- 
fice thereof decreases to a predetermined value or less 
after the Ink emission from the ink chamber of the first 
group is completed. Therefore, the pause period is rel- 
atively long and it is difficult to sufficiently improve the 
printing speed. 

[0028] Hence, a sufficient improvement of the printing 
speed is attained by adopting a driving method shown 
in FIG. 6. In the figure, a drive pulse q1 is supplied for 
emitting the last ink drop fomriing a part of one dot. In 
the first place, a positive voltage VI is applied to the 
electrode of an ink chamber 15 by the drive pulse q1 for 
a period AL, and subsequently, a pressure wave having 
an amplitude P is obtained by applying a negative volt- 
age V2. Further, a negative voltage V2 is applied for a 
period 2AL to cause the Ink drop to be emitted from the 
ink emission port 12, and thereafter, the voltage is re- 
turned to the original ground level, so that the phase of 
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the pressure wave is inverted and the amplitude of the 
pressure wave is weakened. Further, a pause for a time 
AL is taken, and thereafter, a voltage in a direction in 
which the volume of the ink chamber 15 is decreased is 
applied as a dumping voltage dp, i.e., a negative voltage 
is applied as a dumping voltage dp. 
[0029] By application of this dumping voltage dp, a 
positive pressure wave is generated when the pressure 
vibration In the ink chamber 15 is negative. In this man- 
ner, the pressure wave vibration in the ink chamber 1 5 
is decreased in an early stage. As a result, the meniscus 
vibration ceases early, and ink emission operation from 
an ink chamber adjacent to the ink chamber by which 
an immediately preceding emission operation is carried 
out can be started immediately. The printing speed can 
thus be improved to be sufficiently high. 
[0030] In the embodiment described above, explana- 
tion has been made of a case in which the application 
lime of the negative voltage V2 of the drive pulse for 
emitting the last ink drop is set to 2AL. However, the 
application time of this voltage is not limited hitherto, but 
may be changed as far as the application time is a time 
period defined by multiplying 2AL by an integer. Also, a 
pause period for a time AL is taken after the negative 
voltage V2 is applied for a time 2AL. However, the pause 
period is not limited hitherto, but may be changed as far 
as the pause period is a time period defined by multiply- 
ing AL by an odd number where a negative voltage is 
applied as a dumping voltage dp. 
[0031] In the embodiment described above, the volt- 
age applied to the ink chamber is returned to the ground 
level after the negative voltage V2 is applied for a time 
2AL. In this state, a pause for a time AL is taken, and 
thereafter, the negative dumping voltage dp is applied. 
However, the present invention is not limited hitherto. 
The voltage applied is returned to the ground level after 
application of the negative voltage V2 for a time 2AL 
shown in FIG. 7, and in this state, a pause for a time 
2AL is taken. Thereafter, a voltage in a direction in which 
the volume of the ink chamber 15 is increased may be 
applied as the dumping voltage dp. 
[0032] In this case, a negative pressure wave is gen- 
erated by application of the dumping voltage dp when 
the pressure vibration in the ink chamber 1 5 is positive, 
and as a result, the pressure wave vibration in the ink 
chamber 15 is decreased early. In this manner, the me- 
niscus vibration ceases in an early stage, and ink emis- 
sion operation from an adjacent ink chamber can be 
started immediately. Thus, the printing speed can be im- 
proved to be sufficiently high. 

[0033] Also, in this case, the application time of the 
negative voltage V2 of the drive pulse for emitting the 
last ink drop may be a time period defined by multiplying 
2AL by an integer tn addition, the pause period taken 
after application of the negative voltage V2 for 2AL is 
not always limited to 2AL, but may be changed as long 
as a pause period defined by multiplying AL by an even 
number is taken. 



Claims 

1. A method for driving an ink-jet head having a plu- 
rality of ink chambers each partitioned by side walls 

5 made of piezoelectric members, in which the side 
walls of the ink chambers are selectively applied 
with a drive pulse voltage to cause pressure distur- 
bances in the inkchambers by transitions of the side 
walls of piezoelectric members (2, 3) and the ink 

10 chambers are selectively defomied to eject ink 
drops, the method comprising the steps of: 

generating a series of drive pulse voltages ap- 
plied to an ink chamber (15); 

15 increasing a volu me of an ink chamber (15) to 

decrease a pressure of the ink chamber by an 
application of a first drive pulse voltage of the 
series of drive pulse voltages; 
subsequently decreasing the volume of the ink 

20 chamber to increase of the pressure of the ink 

chamber by an application of a second drive 
pulse voltage of the series of the drive pulse 
voltages; 

recovering thereafter an original volume of the 
25 ink chamber to eject an ink drop; and 

repeating the increasing, decreasing and re- 
covering steps for a plurality of times to eject a 
plurality of successive ink drops, while gradu- 
ally increasing a velocity of the successive ink 
30 drops such that one of the successive ink drops 

ejected later is merged with a preceding ink 
drop ejected earlier thereby forming a single ink 
drop, 

35 characterized in that the second drive pulse 

voltage for ejecting a last ink drop of the successive 
ink drops is applied for a first period of time, appli- 
cation of the drive pulse voltage is thereafter 
paused for a second period of time and a dumping 

40 pulse voltage is thereafter applied to cause the 
pressure disturbances of the ink chamber to be de- 
creased. 

2. A method according to claim 1 , characterized in 
45 that the first period of time is defined by multiplying 

2AL by an integer and the second period of time is 
defined by multiplying AL by an odd number, where 
AL is a time required when a pressure wave in an 
ink chamber is transmitted from one end to the other 
50 end of the ink chamber in an ink ejection direction. 

3. A method according to claim 2, characterized in 
that the dumping pulse voltage is applied to cause 
the volume of the ink chamber to be decreased. 

55 

4. A method according to claim 1 , charact riz d in 
that the first period of time is defined by multiplying 
2AL by an Integer and the second period of time is 
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defined by multiplying AL by an even number, 
where AL is a time required when a pressure wave 
in an ink chamber is transmitted from one end to the 
other end of the ink chamber in an ink ejection di- 
rection. 

5. A method according to claim 4, characterized In 
that the dumping pulse voltage is applied to cause 
the volume of the ink chamber to be increased. 

6. A method according to claims 1 , 2 and 4, charac- 
terized in that the first drive pulse voltage in the 
increasing step during the performance of the re- 
peating step is applied for a time of AL and the sec- 
ond drive pulse voltage in the decreasing step dur- 
ing the performance of the repeating step is applied 
for a time of 2AL. 

7. A method according to claims 1 , 2 and 4, charac- 
terized in that the generating step includes a sub 
step for generating a third drive pulse voltage hav- 
ing a ground value between a previous second drive 
pulse voltage and a succeeding first drive pulse 
voltage during the perfomnance of the repeating 
step. 

8. A method according to claim 6, characterized in 
that the generating step includes a sub step for gen- 
erating a third drive pulse voltage having a ground 
value between a previous second drive pulse volt- 
age and a succeeding first drive pulse voltage dur- 
ing the performance of the repeating step. 

9. A method according to claim 7, characterized in 

that the recovery step is performed by the applica- 
tion of the third drive pulse voltage for a time defined 
by multiplying AL by an odd number during the per- 
formance of the repeating step. 

10. A method according to claim 8, characterized In 
that the recovery step is performed by the applica- 
tion of the third drive pulse voltage for a time defined 
by multiplying AL by an odd number during the per- 
formance of the repeating step. 

11. A method according to any of claims 1 , 6, 7, 8 or 9 
characterized in that the repeating step is per- 
formed within a drop-on-demand drop production 
period. 



Patentanspriiche 

1. Verfahren zur Ansteuerung eines Tintenstrahl- 
Druckkopfes mit mehreren Tintenkammern, die je- 
weils durch Seitenwande aus piezoelektrischen 
Elementen unterteilt sind, wobei an die Seitenwan- 
de der Tintenkammern selektiv eine Ansteuer-lm- 
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pulsspannung angelegt wird, um Druckstorungen in 
den Tintenkammern durch Verschiebung der Sei- 
tenwande der piezoelektrischen Elemente (2, 3) 
hervorzurufen, und die Tintenkammern selektiv de- 
formiert werden, um Tintentropfen auszustoRen, 
wobei das Verfahren die Schritte umfasst: 

Erzeugung einer Reihe von Ansteuer-lmpuls- 
spannungen, die an eine Tintenkammer (15) 
angelegt werden; 

Erhohung eines Volumens einer Tintenkammer 
(15), um einen Druck der Tintenkammer durch 
Aniegen einer ersten Ansteuer-lmpulsspan- 
nung in der Reihe von Ansteuer-lmpulsspan- 
nungen zu se nken; 

nachfolgende Verminderung des Volumens der 
Tintenkammer, um den Druck der Tintenkam- 
mer durch Aniegen einer zweiten Ansteuer-im- 
pulsspannung aus der Reihe von Ansleuer-lm- 
pulsspannungen zu erhohen; 
danach Wiederherstellung eines ursprlingli- 
chen Volumens der Tintenkammer, um einen 
Tintentropfen auszustoSen und Wiederhoiung 
der Erhohungs-, Vemninderungs- und 
WIederherstellungsschritte mehrere Male, um. 
eine Vielzahl von aufeinander folgenden Tin- 
tentropfen auszustoBen, wahrend allmahlich 
eine Geschwindigkeit der aufeinander folgen- 
den Tintentropfen erhoht wird, so dass einer 
der spater ausgestoBenen aufeinander folgen- 
den Tintentropfen mit einem vorangehenden, 
fruher ausgestoBenen Tintentropfen vermischt 
wird und einen einzigen Tintentropfen bildet, 
dadurch gelcennzeichnet, dass die zweite 
Ansteuer-lmpulsspannung zum AusstoBen ei- 
nes letzten Tintentropfens der aufeinander fol- 
genden Tintentropfen wahrend einer ersten 
Zeitperlode angelegt wird, das Aniegen der An- 
steuer-lmpulsspannung danach wahrend einer 
Zeitperlode angehalten wird und ein Kipp-lm- 
pulsspannung danach angelegt wird, um eine 
Abnahme der Druckstorungen hervorzurufen. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die erste Zeitperlode definiert ist 
durch Multiplikation von 2 AL mit einer ganzen Zahl 
und die zweite Zeitperiode definiert durch Multipli- 
kation von AL mit einer ungeraden Zahl, wobei AL 
die erforderliche Zeit ist, in der eine Druckwelle in 
einer Tintenkammer vom einen Ende zum anderen 
der Tintenkammer in einer Tinten-AusstoBrichtung 
ubertragen wird. 

Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, dass die Kipp-lmpulsspannung angelegt 
wird, um eine Verminderung des Volumens der Tin- 
tenkammer zu veranlassen. 
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4. Verfahren nach Anspruch 1, dadurch gekenn- 
2 Ichn t, dass die erste Zeitperiode definiert ist 
durch Multiplikation von 2 AL mit einer ganzen Zahl 
und die zweite Zeitperiode definiert ist durch Multi- 
plikation von AL mit einer geraden Zahl, wobei AL 5 
die erforderllche Zeit ist, in der eine Druckwelle In 
einer Tintenkammer von einem Ende zum anderen 
der Tintenkamnner in einer Tinten-Aussto3richtung 
ubertragen wird. 

10 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, dass die Kipp-lmpulsspannung angelegt 
wird, um eine VergroBerung der Volumens der Tin- 
tenkammer zu veranlassen. 

6. Verfahren nach den Anspruchen 1, 2 und 4, da- 
durch gekennzeichnet, dass die erste Ansteuer- 
Impulssteuerung in dem Erhohungsschritt wahrend 
der Ausfuhrung des Wiederholungsschrlttes fur ei- 
ne Zeit AL angelegt wird und die zweite Ansteuer- 26 
Impulsspannung in dem Verminderungsschritt wah- 
rend der Ausfuhrung des Wiederholungsschrlttes 

fur eine Zeit von 2 AL angelegt wird. 

7. Verfahren nach den Anspruchen 1,2 und 4, da- 25 
durch gekennzeichnet, dass der Erzeugungs- 
schritt einen Unterschritt umfasst zur Erzeugung ei- 
ner dritten Ansteuer-lmpulsspannung mit einem 
Massewert zwischen einer vorangegangenen, 
zweiten Ansteuer-lmpulsspannung und einer nach- 30 
folgenden, ersten Ansteuer-impulsspannung wah- 
rend der Ausfuhrung des Wiederholungsschrlttes. 

8. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, dass der Erzeugungsschritt einen Unter- 35 
schritt umfasst zur Erzeugen einer dritten Ansteuer- 
Impulssteuerung mit einem Massewert zwischen 
einer vorangegangenen, zweiten Ansteuer-lmpuls- 
spannung und einer nachfolgenden, ersten Ansteu- 
er-lmpulsspannung wahrend der Ausfuhrung des 40 
Wiederholungsschrittes. 

9. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, dass der Wiederherstellungsschritt aus- 
gefuhrtwird durch Aniegen der dritten Ansteuer-lm- 
pulsspannung fur eine Zeit, die durch Multiplikation 
von AL mit einer ungeraden Zaht wahrend der Aus- 
fuhrung des Wiederholungsschrittes definiert ist. 

10. Verfahren nach Anspruch 8, dadurch gekenn- so 
zeichnet, dass der Wiederholungsschritt ausge- 
fiihrt wird durch Anicgen der dritten Ansteuer-lm- 
putsspannung fur eine Zeit, die durch Multiplikation 
von AL mit einer ungeraden Zahl wahrend der Aus- 
fuhrung des Wiederholungsschrittes definiert ist. 55 

11. Verfahren nach irgendeinem der Anspruche 1,6,7, 
8 Oder 9. dadurch gekennzeichnet, dass der Wie- 



derholungsschritt innerhalb einer Tropfen-Erzeu- 
gungsperiode auf Bedarf ausgefuhrt wird. 



Rev ndications 

1. Precede pour commander une tete a jet d'encre 
comportant une pluralite de chambres a encre se- 
parees chacune par des parois laterales formees 
d'el^ments piezoelectriques, selon lequel une ten- 
sion impulsionnelle de commande est appliquee se- 
lectivement aux parois laterales des chambres a 
encre pour provoquer des perturbations de pres- 
sion dans des chambres a encre au moyen de tran- 
sitions des parois lat erale s d'elements piezoelectri- 
ques (2, 3), et les chambres a encre sont def ormees 
selectivement pour ejecter des gouttes d'encre, le 
proced6 comprenant les 6tapes consistant ^: 

produire une s^rie de tensions impuisionnelles 
appliquees ei une chambre a encre (15); 
augmenter un volume d'une chambre a encre 
(15) pour reduire une pression dans la chambre 
a encro par Tapplication d'une premiere tension 
impulsionnelle de commande parmi la serie de 
tensions tmpulsionneltes de commande; 
reduire ensuite le volume de la chambre a en- 
cre pour augmenter la pression dans la cham- 
bre h encre par application d'une seconde ten- 
sion impulsionnelle de commande parmi la se- 
rie des tensions impuisionnelles de comman- 
de; 

retablir ensuite un volume initial de la chambre 
a encre pour ejecter une goutte d'encre; et 
repeter les etapes d'augmentation, de reduc- 
tion et de retablissement a plusieurs reprises 
pour ejecter une pluralite de gouttes d'encre 
successives, tout en augmentant graduelle- 
ment une Vitesse des gouttes d'encre succes- 
sives de telle sorte que Tune des gouttes d'en- 
cre successives ejectee ulterieurement fusion- 
ne avec une goutte d'encre precedente ejectee 
precedemment en formant ainsi une seule 
goutte d'encre, 

caracterise en ce que la seconde tension im- 
pulsionnelle de commande servant a ejecter une 
dernlere goutte d'encre parmi des gouttes d'encre 
successives est appliquee pendant un premier In- 
tervalle de temps, Tapplication de la tension impul- 
sionnelle de commande s'arrete ensuite pendant un 
second intervalle de temps et une tension impul- 
sionnelle de vidage est ensuite appliquee pour re- 
duire les perturbations de pression dans la chambre 
k encre. 

2. Precede selon la revendication 1, caracterise en 
c qu le premier intervalle de temps est def ini par 
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multiplication de 2AL par un entier et que \e second 
intervalle de temps est defini par multiplication de 
AL par un nombre impair, AL etant une duree ne- 
cessaire torsqu*une onde de presston dans une 
chambre a encre est transmise d'une extremlte a 
I'autre extremlte de la chambre a encre dans une 
direction d'6jection de I'encre. 

3. Procede selon ia revendlcation 2, caracterise en 
ce que la tension Impulsionnelle de vidage est ap- 
pliquee de mani^re k r^duire le volume de la cham- 
bre k encre. 

4. Procede selon la revendlcation 1 , caracterise en 
ce que le premier Intervalle de temps est d^flnl par 
multiplication de 2AL par un entier et que le second 
intervalle de temps est defini par multiplication de 
AL par un nombre pair, AL 6tant une duree n^ces- 
saire lorsqu'une onde de pression dans une cham- 
bre & encre est transmise d'une extremite a I'autre 
extremlte de la chambre a encre dans une direction 
d'ejectlon de I'encre. 

5. Procede selon la revendlcation 4, caracterise en 

ce que la tension Impulsionnelle de vidage est ap- 
pliquee de maniere a augmenter le volume de la 
chambre a encre. 

6. Precede selon les revendications 1 , 2 et 4, carac- 
terise en ce que la premiere tension impulsionnelle 
de commande pendant I'execution de I'etape de re- 
petition est appliquee pendant un intervalle de 
temps AL et la seconde tension impulsionnelle de 
commande lors de t'etape de reduction pendant 
I'execution de I'etape de repetition est appliquee 
pendant un intervalle de temps 2AL. 

7. Procede selon les revendications 1 , 2 et 4, carac- 
terise en ce que I'etape de production inclut une 
etape secondaire pour produire une trolsieme ten- 
sion impulsionnelle de commande possedant une 
valeur de base entre une seconde tension Impul- 
sionnelle de commande pr^cedente et une premie- 
re tension Impulsionnelle de commande sulvante 
pendant I'execution de I'etape de repetition. 

8. Procede selon la revendlcation 6, caracterise en 
ce que I'etape de production inclut une etape se- 
condaire pour produire une trolsieme tension Impul- 
sionnelle de commande ayant une valeur de base 
entre une seconde tension impulsionnelle de com- 
mando precedent© et une premiere tension impul- 
sionnelle de commande suivante lors de {'execution 
de I'etape de repetition. 

9. Procede selon la revendication 7, caracterise en 
ce que I'etape de retablissement est executee par 
rapplicatlon de la trolsieme tension impulsionnelle 



de commande pendant un intervalle de temps defini 
par multiplication de AL par un nombre impair pen- 
dant I'execution de I'etape de repetition. 

5 10. Procede selon la revendlcation 8, caracteris' n 
ce que I'etape de retablissement est ex6cut6e par 
Tapplication de la trolsieme tension impulsionnelle 
de commande pendant une duree definie par mul- 
tiplication de AL par un nombre impair pendant 

10 Tex^utlon de i'etape de repetition. 

11. Procede selon Tune quelconquedes revendications 
1 , 6, 7, 8 ou 9, caracterise en ce que I'etape de 
repetition est executee pendant une perlode de pro- 
15 ductlon de goutt es a la demande. 
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